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1
COPLANAR CAMERA SCANNING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 12/468,050 (filed on May 18, 2009, and issued as
U.S. Pat. No. 8,004,604 on Aug. 23, 2011), which is a con-
tinuation of U.S. patent application Ser. No. 11/165,602 (filed
on Jun. 23, 2005, and issued as U.S. Pat. No. 7,548,274 on
Jun. 16, 2009), which is a continuation of U.S. patent appli-
cation Ser. No. 10/982,820 (filed on Nov. 5, 2004, and issued
as U.S. Pat. No. 6,912,076 on Jun. 28, 2005), which is a
continuation-in-part of U.S. patent application Ser. No.
10/676,834 (filed on Sep. 30, 2003, and issued as U.S. Pat.
No. 6,856,440 on Feb. 15, 2005), which is a continuation of
U.S. patent application Ser. No. 09/810,204 (filed on Mar. 16,
2001, and issued as U.S. Pat. No. 6,628,445 on Sep. 30,
2003), which claims the benefit of U.S. patent application No.
60/190,273 (filed on Mar. 17, 2000). The entire disclosure of
each of the foregoing applications is hereby incorporated by
reference as if set forth verbatim herein and relied upon for all
purposes.

BACKGROUND

The present invention relates generally to optical scanning
systems. More particularly, this invention relates to a scan-
ning system containing a camera using a coplanar light
source.

Various optical scanning systems have been developed for
reading and decoding coded symbologies, identification of
objects, comparison of objects, and measurement of objects.
Each of these scanning systems utilizes either a non-coherent
or coherent light source. Lighting is one of the key elements
in obtaining good image quality. The intensity of light needed
for scanning is directly proportional to the transport speed of
the scanned object and the speed of the sensor. Generally, the
faster an image is to be acquired, the more light is needed.
Until now, only high intensity sodium or halogen lighting was
adequate to obtain crisp images in cameras that focus over a
significant depth of field at high speeds. The light source is
usually located off axis from the camera and sensor detecting
the light reflected from the object being scanned.

In applications using sodium lamps as a light source, the
lamps are used to provide the illumination required by the
camera detection means. These lamps provide an abundance
of'optical power because they are very bright and have a wide
spectral range. There are, however, several disadvantages to
sodium lamp light sources. First, due to their extreme bright-
ness, sodium lamps can create an annoyance and possible
hazard to workers working in the vicinity of the scanning
systems. Second, sodium lights require a large amount of AC
power, thus increasing production costs. Third, these light
sources create a large amount of heat. Additionally, radio
frequency interference can be created which can present
operational problems to equipment in the vicinity of the scan-
ning system.

The use of light sources such as LEDs presents several
advantages over sodium and halogen lighting. LED illumina-
tion is a more cost effective and ergonomic method of illumi-
nation. The problem presented by LED illumination is how to
get enough light to the object that is being imaged when
focusing over a large depth of field. By eliminating the
mounting angle between the light source and the line of sight
of'the camera lens, the reflected light is managed and a lower
intensity light source may be used. Because LEDs can be
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energized almost instantaneously, they can be de-energized
when objects are not being transported within the field of
view. This extends the life of the LEDs and also conserves
power. Additionally, the power input to individual LEDs may
be modulated and pinpointed to a desired area, such that
different LEDs within an LED array may be energized at
different levels according to the desired application.

The use of a coherent or non-coherent light source which
will provide sufficient optical illumination to an object to be
scanned, which uses less energy while alleviating potential
problems of radio frequency interference or heat emission is
needed.

SUMMARY OF THE INVENTION

Briefly stated, the present invention provides an optical
scanning system which uses a light source to provide an
illumination stripe that is optically coplanar to a camera lens
and light sensor for barcode reading applications. The light
source may be coplanar to the lens axis and light sensor, and
preferably is formed from LEDs or other low power con-
sumption illumination sources. The coplanar design provides
adequate illumination for a large depth of field at low speeds.

Inanother aspect, the invention provides a scanning system
in which the light source is shifted relative to the line of sight
of'the camera such that the illumination stripe remains copla-
nar with the camera line of sight at the required depth of field.
The light stripe profile coming from the array can therefore be
narrow. The intensity of light required to illuminate an object
over the depth of field is significantly reduced, thus allowing
for the use of an LED array or other low power light source.

In another aspect, the invention provides a plurality of
off-axis light sources to provide an illumination stripe on the
object generally coplanar with camera line of sight at the
required depth of field. Different arrays of lights sources are
energized according to the depth of field of the target object,
allowing adequate lighting over a range of distances.

In another aspect, the present invention provides an optical
scanning system which uses a light source to provide an
illumination stripe that is coplanar to at least two lenses and
light sensors for imaging applications. The light source is
preferably optically coplanar to the axes of the lenses and
light sensors, and preferably is formed from LEDs or other
low power consumption illumination sources. The design
provides broader imaging capability for wide width convey-
ors or higher density imaging, along with more uniform reso-
Iution of the scanned symbologies or images.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view of the coplanar camera in accordance
with the preferred embodiment of the present invention.

FIG. 2 is a top view of the coplanar camera in accordance
with the preferred embodiment of the present invention.

FIG. 3 is a front isometric view of the coplanar camera in
accordance with the preferred embodiment of the invention.

FIG. 4 is a side isometric view of a second embodiment of
the invention with a movable array of light sources used in an
off-camera lens axis orientation in accordance with the
present invention.

FIG. 5 is aside isometric view of a multiple row large depth
of field illuminator in accordance with the present invention.

FIG. 6 is an end view of a movable light source in accor-
dance with the present invention.

FIG. 7 is an elevation view of another embodiment of the
invention including two optically coplanar cameras.
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FIG. 8 is a perspective view showing the system field of
view of the coplanar cameras of FIG. 7 and the focusing of the
illumination beam across a depth of the system field of view

FIG.9is an enlarged isometric view of the scanning system
of FIG. 7.

FIG. 10 is a bottom view taken along lines 10-10 in FIG. 7,
showing the two camera lenses located in a generally opti-
cally coplanar position with the light source.

FIG. 11 is a top view taken along lines 11-11 in FIG. 7.

FIG. 12 is a side view of the coplanar camera system of
FIG. 7.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will be described with reference to
the drawing figures wherein like numerals represent like ele-
ments throughout.

Referring to FIG. 1, a coplanar camera scanning system 10
in accordance with the present invention is shown. The copla-
nar camera scanning system 10 preferably includes a light
source 11, a camera lens 12, a focusing ring 13 for the lens 12,
a linear array sensor 14, a window 22, a cylindrical lens 18,
and a voice coil actuator 16. In the preferred embodiment, the
light source 11 is comprised of one or more very high inten-
sity LED arrays, although those skilled in the art will recog-
nize other suitable lighting could be utilized, such as lasers or
a laser line generator.

The light source 11 is used to illuminate a surface of a target
object, indicated by broken line 17. The emitted light illumi-
nates the target object and is reflected back to the coplanar
aligned sensor 14. The coplanar camera scanning system 10 is
preferably used to read barcode information from the scanned
object. The coplanar camera scanning system 10 preferably
utilizes a CMOS linear array sensor 14 to detect the light
reflected from the object being scanned. In the first preferred
embodiment a CMOS-based image sensor is referenced, but
as those skilled in the art should know, any image sensor can
be used, e.g., a CCD-based image sensor. The light reflected
onto the CMOS linear array sensor 14 is generated in the
preferred embodiment by very high intensity LEDs 11. The
preferred embodiment of the present invention utilizes red
LEDs within the array. As the technology regarding light
sources advances, brighter, more intense LEDs can be used,
including LEDs having different wavelengths. Also low
power semiconductor lasers can be utilized.

The LED array 11 acts as the light source for the coplanar
camera scanning system 10. As shown in FIG. 2, in the first
preferred embodiment of the present invention, the light
source 11 is positioned parallel to, and in the same plane as the
CMOS linear array sensor 14. Those skilled in the art should
realize that the light source 11 positioned in this manner is
on-axis with the CMOS linear array sensor 14. The light
source 11 preferably comprises a plurality of LEDs in series
with each other, located on one or more circuit boards 31. In
this embodiment, the coplanar camera utilizes two LED
arrays to generate the required amount of light. In this
embodiment, the light source 11 is positioned on each side of
the camera lens 12. As should be clear to those skilled in the
art, the number of LEDs required for each light source 11
differs based on the size of the conveyor belt and required
depth of field. The present invention preferably utilizes 50
LEDs in each of the up to four arrays, totaling 200 LEDs.
Alternatively, a desired number of low power semiconductor
laser arrays may be mounted on the circuit board 31.

The light emitted from the light source 11 is focused to a
narrow “stripe” on the object using a cylindrical lens 18. This
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cylindrical lens 18 is positioned parallel to and in between the
light source 11 and the target object. In the present preferred
embodiment a Fresnel lens is used, but as those skilled in the
art should realize, any optical lens can be used in this appli-
cation. As shown in FIGS. 1 and 2, the positioning of the
cylindrical lens in relation to the light source 11 provides an
illumination plane that can define a narrow “stripe” of light
anywhere within the depth of field. When the target object
enters this scanning field, the illumination from the light
source 11 illuminates the object. Due to the positioning of the
sensor 14 relative to the light source 11, the CMOS linear
array sensor 14 detects the most intense light provided by the
light source 11.

As shown in FIGS. 1 and 3, the cylindrical lens 18 includes
a center slit 20. This center slit 20 permits the light reflected
from the target object to return through the cylindrical lens 18
to the camera lens 12 and then projected onto the CMOS
linear array sensor 14.

In order to maximize the depth of field of the coplanar
camera scanning system 10, the voice coil actuator 16 is
coupled to the focusing ring 13 of the imaging lens 12 to
dynamically focus the image onto the CMOS linear array
sensor 14, based on a signal from a range finder 24. Those
skilled in the art should recognize that there are many meth-
ods and apparatuses that can be used as range finders and for
focusing. The signal received from the range finder 24 causes
the voice coil actuator 16 to move the camera lens 12 and
focus the light reflected from the object onto the linear array
sensor 14.

Optionally, the invention may include a focusing mecha-
nism 26 for the light source to more accurately focus the
emitted light onto a scanned object. This enhances the image
which s received by the camera lens 12 and projected onto the
CMOS linear array sensor 14. The focusing mechanism 26 is
coupled to the light source 11, and dynamically moves the
position of the lens 18 with respect to the position of the light
source 11. It should be noted that either the focusing mecha-
nism 26 or the light source 11, or both, may be moved to focus
the light. Such movement, of course, depends on the distance
of the object from the co-planer camera 10. This alternative
embodiment keeps the intensity of the illumination stripe
maximized at any distance, providing a cleaner image for
detection by the CMOS linear array sensor 14.

Referring to FIG. 4, a second embodiment of the present
invention uses an off axis light source 40 which is located off
the camera lens axis and the linear array sensor, as repre-
sented by lines 43. The off axis light source 40 illuminates a
target object by directing a beam of light onto its surface.
However, the focused illumination stripe 44 is coplanar with
the camera lens axis 43 and the linear sensor array at the
required depth of field. The off axis light source 40 is prefer-
ably a movable array of LED sources 45 adapted to provide
light to the target object. The invention, however, is not lim-
ited to this particular configuration or light source, as those
skilled in the art will recognize alternative light sources from
those described, such as semiconductor lasers, may be used.

The light source 40 may be focused by using an optional
lens 41. The lens 41 may be any optical type lens, although a
Fresnel lens is preferred. A light source positioner 42, pref-
erably in the form of a controllable motor is connected to the
light source 40 to allow movement of the light source 40. The
positioner 42 is adapted to move the light source 40 based on
a height of an object to be scanned, such that the focused
illumination stripe 44, 44' is located on the surface of the
object. The object height may be determined by a range finder
or other means.
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As shown schematically in FIG. 5, the position of the off
axis light source 40 is infinitely variable. Accordingly, the
illumination stripe 44, 44', 44" can be shifted to multiple
positions depending on the required depth of field along the
axis 43.

Referring to FIG. 6, a third embodiment of the invention is
shown which includes multiple arrays of light sources 51
which are located on one or more circuit boards 52 placed
off-axis to the lens 53 and the linear array sensor. A range
finder 50 is connected to the array of light sources 51. The
range finder 50 determines distance between the camera and
the target object. The distance data is sent to a controller
which then powers on or off selected arrays of light sources 51
focused to a corresponding depth of field 55, 55', 55", 55™
providing an illumination stripe 56, 56', 56", 56"' coplanar to
the camera lens axis 57. The camera 53 and lens 54 detect the
reflected light from the illumination stripe to read required
data from the object. Alternatively, all of the light sources 51
may be activated to provide the desired illumination stripe at
any depth of field, eliminating the need for the distance to the
target object.

Referring now to FIGS. 7-12, a fourth embodiment of a
system 110 for scanning an object 105 in an object scanning
area on a support surface 107 is shown. The support surface
107 is preferably in the form of a conveyor or other moving
surface upon which objects are carried. The system 110
includes at least two linear array sensors 114, 115 to detect
light input signals. A sensor lens 112, 113 is optically con-
nected to each of the at least two linear array sensors 114, 115,
with each of the lenses 112, 113 being adapted to receive and
transmit an optical image located in a respective optical field
of'view 124, 125 to the respective one of the at least two linear
array sensors 114, 115. A light source 111, similar to the light
source 11 described above is also provided, and is preferably
in the form of an array of LEDs or an array of semiconductor
lasers, as shown in FIGS. 9 and 10. The arrays are preferably
linear and are directed toward a lens 118, which is preferably
in the form of a cylindrical lens or Fresnel lens, such as
described above in connection with lens 18. The light source
111 in connection with the lens 118 produces an illumination
plane 134 that has a height (h) that extends over a depth of
field 132 and a width (w) that extends across the support
surface 107 so that an illumination stripe is formed on a
surface of the object 105 in the system field of view 130. The
illumination plane 134, indicated by the two lines shown, and
the system field of view 130 are generally coplanar over the
depth of field 132 in the object scanning area.

As shown most clearly in FIG. 8, the illumination plane
134 has a tapering thickness that extends from a greatest
thickness, adjacent to the lens 118, to a narrowest thickness,
adjacent to the support surface 107. This taper will depend
upon the focal length of the lens 118, but generally produces
a high enough intensity illumination plane across the entire
depth of field (h) so that the reflected optical image can be
transmitted back to a respective one of the sensor lenses 112,
113.

Based upon an offset distance from the support surface 107
to the linear array sensors 114, 115, the system field of view
130 has a generally uniform resolution across the depth of
field 132. This is in contrast to the previously described
embodiments of the invention where there is a more pro-
nounced change in resolution from the shortest throw dis-
tance between the linear array sensors 114, 115 and a surface
of'an object 105 to be scanned that has a height of about h, and
the longest throw distance for a short object. This is a function
of the angle between the support surface 107 and the lines
defining the respective fields of view 124 and 125 of'the linear
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array sensors 114, 115. The closer that the lines defining the
fields of view 124, 125 come to vertical, the more uniform the
resolution across the depth of field, generally following a sine
function of the angle. This has a practical limit based upon a
height for the system 110 above the support surface 107 and
the number of linear array sensors 114, 115 which can be
utilized.

A benefit of the system 110 is that the system field of view
130 has an effective width factor (ew) that is greater than that
for a single sensor system. Still with reference to FIG. 7, for
the system according to the invention ew>(w-s)h, where s is
an offset distance at the height h for a single field of view
system, as represented schematically in FIG. 7. Utilizing the
present embodiment of the invention with at least two linear
array sensors provides an offset distance s,, as shown in FIG.
7, which results in an effective width factor ew=(w-s,)h. In a
preferred embodiment, 5,<0.8 s, and more preferably is less
than 0.7 s, resulting in a greater effective width for scanning
objects which are carried along the support surface 107.

A further benefit of the system 110 is the ability to inde-
pendently focus each lens 112, 113 and sensor 114, 115 on a
different throw distance. Independent focus provides opti-
mum focus on each surface where a single item 105 has two
or more surfaces that are at different heights from the support
surface 107 or where two or more items are present that have
surfaces at different heights from the support surface 107.

In the preferred embodiment, the linear array sensors are
CMOS image sensors and the light source lens 118 has a
plurality of openings 120, 121, as best shown in FIG. 9, to
allow reflective light from a surface of the object 105 to return
to the at least two of the linear array sensors 114, 115 without
being effected by the light source lens 118. The two linear
array sensors may also comprise CCD image sensors, as
noted above.

Preferably, the system 110 has the linear array of LEDs or
semiconductor lasers, as well as an axis of the light source
lens 118 and the illumination plane 134 located coplanar with
one another. Additionally, preferably the at least two linear
array sensors 114, 115 are coplanar with the linear array of
LEDs or semiconductor lasers as well as the axis of the light
source lens 118 and the illumination plane 134. While this is
preferred, those skilled in the art will recognize that the criti-
cal aspect of the invention is providing the system optical field
of view 130 in a generally coplanar location with the illumi-
nation plane 134 over the entire depth of field 132.

The use of at least two linear array sensors requires some
overlap x between the two fields of view 124, 125 so that the
known size barcodes or other labels can be read entirely by
one of the linear array sensors 114, 115, without the need for
advanced logic for combining partial codes read by different
sensors. In a preferred embodiment, x equals approximately
three inches, and the controller for the linear sensor arrays
114, 115 is preferably set to discriminate so that only a single
reading of one label is taken in the event that the entire label
falls within both fields of view 124, 125 of the individual
linear sensor arrays 114, 115. However, in some applications,
multiple readings are permitted and are passed on to a system
controller for further evaluation in connection with the
dimensioning and/or other data relating to the object 105 on
the support surface 107.

The system 110 can also be used in connection with mass
flow conveyors where objects are side by side. In this case, the
cameras are independently focused and there is significant
overlap ofthe two fields of view 124, 125 of the sensor arrays
114,115 so that the two fields of view each cover substantially
the entire belt, less a width of the narrowest object.
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The system 110 can also be used in connection with scan-
ning irregular shaped objects having varying heights. In this
case, the cameras are again focused independently and there
is again a significant overlap ofthe two fields of view 124,125
of the sensor arrays 114, 115 so that the two fields of view
each cover substantially the entire belt. This provides a higher
performance system with a greater read rate.

The invention thus allows coverage over a wider support
surface and/or a higher density read by the linear array sen-
sors 114, 115. Additionally, the use of at least two linear array
sensors 114, 115 results in more uniform resolution and less
image distortion over a height h of the depth of field 132.

Preferably all of the system components described above
are packaged inside a read head assembly 150 which includes
camera modules that house the linear array sensors 114, 115,
an illumination module that includes the light source 111 in
the form of LEDs or semiconductor lasers with the focusing
lens 118, and a controller for operating the sensors 114, 115
and the light source 111. These are preferably mounted in a
housing 152 which can be constructed using any conventional
means, but is preferably made of sheet metal or polymeric or
other metallic materials.

In the preferred embodiment, the lenses 112, 113 have a
fixed focal length; however, it is also possible to provide an
adjustable focal length lens for the linear sensor arrays 114,
115, in the same manner as described above in connection
with the prior embodiments of the invention.

While the preferred embodiments of the invention have
been described in detail, the invention is not limited to the
specific embodiments described above, which should be con-
sidered exemplary. Further, modifications and extensions of
the present invention may be developed based upon the fore-
going, all such modifications are deemed to be within the
scope of the present invention as defined by the appended
claims.

What is claimed is:

1. A fixed-position scanning system for scanning objects in
an object scanning area on a moving conveyor, the scanning
system comprising:

a linear array sensor adapted to detect light input signals
and that is disposed above the moving conveyor that
carries objects;

afirstlens optically connected to the linear array sensor and
adapted to receive and transmit an optical image located
in a field of view of the first lens to the linear array
sensor;

a light source comprising light emitting diodes;

a second lens positioned between the light source and the
moving conveyor, wherein the second lens is adapted to
provide an illumination plane from light produced by the
light source;

a range finder; and

a focusing device and an actuator in operative communi-
cation with the focusing device to adjust a focus of an
image of a said object from the first lens onto the linear
array sensor in response to signals from the range finder,

wherein the illumination plane is coplanar with the field of
view over at least a portion of a depth of field of the
object scanning area.

2. The system as in claim 1, wherein the light source
comprises a respective at least one linear array of said light
emitting diodes on opposite sides of the first lens, wherein the
linear arrays collectively comprise at least fifty said light
emitting diodes.

3. The system as in claim 1, wherein the focusing device is
attached to the first lens to move the first lens in response to
the actuator.
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4. The system as in claim 1, wherein the range finder is
configured to determine a distance between the scanning
system and a target object on the conveyor.

5. The system as in claim 1, wherein the focusing device
comprises a focusing ring attached to the first lens, wherein
the actuator moves the focusing ring to thereby move the first
lens and adjust a focus of an image from the first lens onto the
linear array sensor.

6. The system as in claim 1, wherein the light emitting
diodes are high intensity light emitting diodes.

7. The system as in claim 6, wherein the light emitting
diodes are red.

8. The system as in claim 6, wherein the light source
comprises at least fifty of said high intensity light emitting
diodes.

9. The system as in claim 6, wherein the light source
comprises at least one hundred of said high intensity light
emitting diodes.

10. The system as in claim 6, wherein the light emitting
diodes are red.

11. The system as in claim 6, wherein the second lens is a
cylindrical lens.

12. The system as in claim 6, wherein the second lens
includes at least one slit to allow light reflected from a surface
of'an object to return to the linear array sensor.

13. The system as in claim 6, wherein the illumination
plane is coplanar with the field of view over the depth of field.

14. The system as in claim 1, wherein the light source has
anumber of said light emitting diodes based upon the depth of
field.

15. The system as in claim 1, wherein the light source has
anumber of'said light emitting diodes based upon a size of the
conveyor.

16. The system as in claim 1, wherein the light source has
anumber of said light emitting diodes based upon the depth of
field and a size of the conveyor.

17. The system as in claim 1, wherein the second lens is a
cylindrical lens.

18. The system as in claim 17, wherein the cylindrical lens
is a Fresnel lens.

19. The system as in claim 1, wherein the second lens
includes at least one slit to allow light reflected from a surface
of'an object to return to the linear array sensor.

20. The system as in claim 1, wherein the linear array
sensor is a CCD image sensor.

21. The system as in claim 1, wherein the linear array
sensor is a CMOS image sensor.

22. The system as in claim 1, wherein the illumination
plane is coplanar with the field of view over the depth of field.

23. The system as in claim 1, further comprising a focusing
mechanism in operative communication with at least one of
the second lens and the light source to adjust the relative
position of the second lens and the light source.

24. A fixed-position scanning system for scanning objects
in an object scanning area on a conveyor belt, the scanning
system comprising:

a linear array sensor adapted to detect light input signals;

afirst lens optically connected to the linear array sensor and
adapted to receive and transmit an optical image located
in a field of view of the first lens to the linear array
sensor;

a light source comprising a respective at least one linear
array of light emitting diodes on opposite sides of the
first lens, wherein the linear arrays collectively comprise
at least fifty said light emitting diodes; and
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a second lens positioned between the light source and the
conveyor belt, wherein the second lens is adapted to
provide an illumination plane from light produced by the
light source,

wherein the illumination plane is coplanar with the field of 4
view over at least a portion of a depth of field of the
object scanning area.

25. The system as in claim 24, wherein the linear arrays
collectively comprise at least one hundred said light emitting
diodes.

26. The system as in claim 25, wherein the illumination
plane is coplanar with the field of view over the depth of field.

27. The system as in claim 24, wherein the light emitting
diodes are high intensity light emitting diodes.

28. The system as in claim 27, comprising a focusing
device and an actuator in operative communication with the
focusing device to adjust a focus of an image from the first
lens onto the linear array sensor.
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29. The system as in claim 28, wherein the focusing device
is attached to the first lens to move the first lens in response to
the actuator.

30. The system as in claim 27, wherein the light emitting
diodes are red.

31. The system as in claim 24, wherein the light source has
anumber of said light emitting diodes based upon the depth of
field.

32. The system as in claim 24, wherein the light source has
number of said light emitting diodes based upon a size of the
conveyor belt.

33. The system as in claim 24, wherein the second lens is a
cylindrical lens.

34. The system as in claim 24, wherein the linear array
sensor is a CCD image sensor.
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